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Chapter 1

Addendum: Addressing the 20 cryo-week
scenario

In July 2020, the Associate Laboratory Director Berndt Mueller charged the SPHENIX Collaboration
with generating a Beam Use Proposal for the years 2023, 2024, 2025 for scenarios of 24 and 28
cryo-weeks in each year — the full charge is included in Appendix A. The detailed response to
that charge was submitted to the ALD and the Nuclear and Particle Physics Program Advisory
Committee on August 31, 2020. That submitted original document for the 24 and 28 cryo-week
scenarios is appended to this document after this Addendum Chapter.

In March 2021, the Interim Associate Laboratory Director Dmitri Denisov charged the sPHENIX
Collaboration with generating a Beam Use Proposal for the years 2023, 2024, 2025 for scenarios of
20 and 28 cryo-weeks in each year — the full charge is included in Section 1.4. Hence, we have
produced this Addendum to speci cally address the scenario of 20 cryo-weeks in each year.

We detail the rami cations of a 20 cryo-week scenario in the following sections, and the broad
effects of signi cantly shorter runs in 2023—-2025 can be stated succinctly: there is increased risk
to the sSPHENIX science program, but particularly in the crucial commissioning year 2023; the
entire p+ Au run is lost; and there is a signi cant reduction in the statistics of the signature Au+ Au
program. We emphasize that several of the core sSPHENIX physics measurements can still be
made; however, there is substantial increased risk to the entire physics program. This risk is the
inevitable consequence of running periods so constricted that they are dominated by end effects
and commissioning times rather than physics running.

1.1 Modi ed Run Plan

In Table 1.1, we reproduce the run proposal for the 24 and 28 cryo-week scenarios. In stark contrast,
the 20 cryo-week proposed run plan is given in Table 1.2. The physics weeks, after the nominal
detector and Au + Au data readiness, is reduced from 13 weeks in the 28 cryo-week scenario down
to only 5 weeks in the 20 cryo-week scenario. Additionally, the total projected Au+ Au recorded
luminosity over the entire run plan is reduced from 20.7 nb  to 11.7 nb * (almost a factor of two)
between the multi-year 28 cryo-week and 20 cryo-week scenarios.



Again, the entire p+ Au physics program is lost from the program and we highlight the increased
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risk to leaving major physics questions unresolved in Section 1.3.

Table 1.1: Summary of the sSPHENIX Beam Use Proposal for years 2023—-2025, as requested in the
charge. The values correspond to 24 cryo-week scenarios, while those in parentheses correspond to

28 cryo-week scenarios. The 10%str values correspond to the modest streaming readout upgrade of
the tracking detectors. Full details are provided in Chapter 4.

Year | Species sun | Cryo Physics Rec. Lum. Samp. Lum.
[GeV] | Weeks |  Weeks jzj <10 cm jzj <10 cm

2023| Au+Au | 200 |24(28)| 9(13) 3.7(5.7)nb ! 45(6.9)nb !

2024| p'p 200 | 24(28)| 12(16) | 0.3(0.4)pb 1[5kHz] | 45(62)pb*

4.5 (6.2) pb 1 [10%-str]
2024| p'+Au | 200 - 5 0.003 pb 1[5 kHz] 0.11pb !
0.01 pb 1 [10%-str]
2025| Au+Au | 200 | 24(28)| 20.5(24.5) 13 (15)nb ! 21 (25)nb !

Table 1.2: Summary of the sSPHENIX Beam Use Proposal for years 2023—-2025, as requested in the

charge. The values correspond to 20 cryo-week scenarios. The 10%str values correspond to the
modest streaming readout upgrade of the tracking detectors.

Year | Species snn | Cryo | Physics Rec. Lum. Samp. Lum.

[GeV] | Weeks | Weeks jzj <10cm jzj <10cm
2023| Au+Au | 200 20 5 1.7nb ! 21nb?
2024 pp 200 20 16 0.4 pb 1[5 kHz] 62pb !

6.2 pb 1[10%-str]
2024 | p +Au 200 - 0 0 0
0

2025 | Au+ Au 200 20 16.5 10nb ! 16nb !
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1.2 Au+Au Risks and Physics Implications

The Au+ Au commissioning plan for 2023 is detailed in Section 5.1. We highlight that essentially
every subsystem in sSPHENIX is a new detector requiring careful commissioning and safe ramp
up to operations at high luminosity. In addition, beam conditions including a crossing angle
require commissioning. The reduced number of cryo-weeks (from 28 or 24 down to 20) signi cantly
increases the risk to the short physics data taking period projected at the end of the 2023 run. In
addition, as there is a luminosity ramp to safe physics data taking during that time, the recorded
luminosity is signi cant reduced as seen in Table 1.2. A concern is that if commissioning proceeds
more slowly, the physics data taking could be eliminated from that rst year. In addition, given
the very limited potential physics running in 2023, there will be no physics measurement for the
Upsilon(2s) that is a key benchmark for the detector performance. Given that the 2024 and 2025
data taking runs are the “golden” high-statistics data sets for p+ p and Au+ Au respectively, it is
crucial that the detectors be operated under full physics conditions in 2023 and any major operation
issues understood ahead of the high-statistics running.

Additionally, the reduced cryo-weeks (28 to 20 for example), reduces the overall Au+ Au statistics
by nearly a factor of two. For some statistics hungry channels, this factor of two puts the results
in a marginal position for strong physics conclusions. As one example, we show in Figure 1.1 the
projected statistical uncertainties on the elliptic ow v, for B mesons via their decay to D® mesons
from 3 years of running with 28 cryo-weeks and only 20 cryo-weeks. Discerning the ow of bottom
guarks in the quark-gluon plasma is an important constraint on the medium coupling, particularly

in comparison with charm quarks where statistical are more plentiful — see for details Section 7.3.

It is notable that all channels will suffer from this loss of a factor of two in statistics and this often
has a commensurate effect on systematic uncertainties that are data driven.

Figure 1.1: sSPHENIX projected statistical uncertainties on the elliptic ow v, for B mesons via their
decay to D? mesons from 3 years of running with 28 cryo-weeks and only 20 cryo-weeks.
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1.3 p+Au Physics Lost

In the 20 cryo-week scenario, the entire p+ Au data taking is eliminated from the sSPHENIX program.

In the following subsections, we provide more details on the projected physics from p+ Au that
would be enabled by the longer cryo-week scenarios thus yielding a 5 weeks of p+ Au physics data
taking in 2024. Again, in the 20 cryo-week scenario all of this physics is lost.

1.3.1 Collectivity in Small Systems

Over the last decade one of the exciting areas of heavy ion physics relates to collectivity in small
systems — see Ref.]] for a recent review. In p+ p and collisions at the Large Hadron Collider (LHC)
and p+ Au, d+Au, 2He+Au collisions at RHIC, there is strong evidence for the translation of initial
geometry deformations in ow harmonics.

The enormous statistics sample from a modest p+ Au run is provided for track-only analyses via
the 10%-streaming readout. As an example of what that buys, Figure 1.2 shows the projected
statistical uncertainties for the elliptic ow cumulantsin  p+ Au collisions as a function of track
multiplicity. For the 0-5% most central selection, one would have precision measurements up
through the 8th order cumulant. These measurement can provide qualitatively new insights on
multi-particle collectivity that are hinted at via the PHENIX published cumulants, with second,
fourth, and very modest sixth orders [2].

Additionally, the PHENIX published results in Nature Physics [ 3] on elliptic and triangular ow
have generated signi cant interest in the eld. There have since been multiple STAR preliminary
results that generally con rm the elliptic ow; however, have a signi cantly different result for
triangular owin p+ Au and d+Au collisions. The publication of the STAR results will be a positive
step forward. The PHENIX Collaboration has also carried out additional analysis checks con rming
the Nature Physics results - soon to be published. That said, an ideal situation is to measure both
short-range and long-range correlations in the same experiment with high statistics. SPHENIX
will have the same tracking coverage as the STAR barrel detector and a p+ Au run would result in
much higher statistics data samples. Additional, the modest SPHENIX upgrade for an Event Plane
Detector (currently under consideration as an NSF MRI) would enable PHENIX style long-range
correlations as well. Thus, this p+ Au data set for sSPHENIX is likely to further elucidate collectivity
in small systems and the relevant sub-nucleon geometry.

1.3.2 Heavy Flavor

Heavy avor (charm and bottom) quarks are an excellent probe of quark-gluon plasma effects. Once
produced in early high-Q 2 processes, the avor is conserved and thus the quarks get dragged and
diffused through the medium. Measurements of charm and bottom hadrons and bottom-tagged
jets in Au+ Au collisions comprise a major part of the SPHENIX program as detailed in Section 7.3.
Recent measurements of collectivity in small systems has increased the focus on measurements of
these heavy quarks in p+ Au and collisions at RHIC and the LHC. Measurements of signi cant

D meson elliptic ow v5 in collisions by CMS at the LHC [ 4] is intriguing since the transverse
momentum distribution appears mostly unmodi ed relative to  p+ p collisions [5]. Even muons
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Figure 1.2: Projected statistical uncertainties for charged hadron cumulants up to eighth order. These
results are obtainable in the 24 and 28 cryo-week scenarios.
This p+ Au physics is entirely lost in the 20 cryo-week scenario.

Figure 1.3: sSPHENIX projected statistical uncertainties for fully-reconstructed prompt D% meson v,
as a function of transverse momentum in p+ Au 0-5% central collisions.
This p+ Au physics is entirely lost in the 20 cryo-week scenario.

from charm decays have a signi cant v, in high multiplicity p+ p collisions at the LHC, though
muon from bottom decays are consistent with zero [6].

sPHENIX can make comparable precision measurements in a p+ Au run of both the transverse
momentum spectrum and the elliptic ow. As an example, Figure 1.3 shows the projected statistical
uncertainties for fully-reconstructed prompt D® meson v, as a function of transverse momentum
from a 2024 p+ Au run. Measurements at both RHIC and the LHC are important to constrain
explanations for these anisotropies.
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Figure 1.4: Projected total yields (left) and Rpa (right) for jets, photons, and charged hadrons in
centrality-integrated p+ Au events, for the rst three years of sSPHENIX data-taking.
This p+ Au physics is entirely lost in the 20 cryo-week scenario.

1.3.3 Jets, Photons, High pr

A critical baseline for understanding jet quenching effects in nucleus-nucleus collisions is to measure
the same observables inp+ Au collisions. Originally back in 2003, the d+Au run was motivated
by the desire to isolate so-called “cold nuclear matter” effects from jet quenching. Since then,
the measurements have taken on the additional burden of trying to cleanly identify potential jet
guenching effects in small collision systems.

Figure 1.4 demonstrates the kinematic reach for inclusive jet, photon, and charged hadron measure-
ments in this system via the expected total yields and the projected uncertainties in the nuclear
modi cation factor Rpa. SPHENIX will deliver suf cient data to measure jets out to 70 GeV, and
charged hadrons and direct photons outto 45 GeV.

The ATLAS experiment at the LHC has measured elliptic ow coef cients v, for charged hadrons
in the high pr region 10-50 GeV in collisions [7], as shown in the left panel of Figure 1.5. The
pattern of rising v from hydrodynamic ow is common with that seenin  Pb+ Pb collisions (also
shown), and even more striking is the persistence of v, at high pr in p+Pb. In Pb+Pb collisions
this azimuthal anisotropy is thought to result from differential jet quenching with respect to the
collision geometry. However, currently no jet quenching is observed in p+Pb collisions, and so this
is challenging as a common explanation in p+Pb. SPHENIX will be able to measure elliptic ow
coef cients for charged hadrons and reconstructed jets up to high pr, as shown in the right panel
of Figure 1.5. As part of a suite of p+ Au hard process measurements by sSPHENIX, one will have
excellent constraints on explanations of this phenomena.
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Figure 1.5: (Left) ATLAS result for charged hadron v, as a function of pr in p+Pb (two selections)
and Pb+Pb collisions. (Right) Projected sPHENIX statistical uncertainties for charged hadron and
reconstructed jet v, versus pt in 0-10% central p+Au collisions.
This p+ Au physics is entirely lost in the 20 cryo-week scenario.

1.3.4 Upsilon

Upsilon suppression in heavy ion collisions is a key indicator of decon nement in the quark-gluon
plasma — see for example Ref. B]. The three Upsilon states (U(1s), U(2s), U(3s)) have very different
binding energies and thus are sensitive to different break up processes in the plasma. sPHENIX
will provide excellent mass resolution for separating these states and high statistics in p+ p and
Au + Au collisions — see Section 7.2 for details.

Recently, LHC experiments CMS [9] and ALICE [ 10] have measurements of Upsilon states suppres-
sion in p+ p and as a function of collision multiplicity. The CMS results shown in Figure 1.6 (left)
reveal signi cant multiplicity dependent production that may relate to production mechanisms,
multi-parton interactions (MPI), and potential nal state effects. SPHENIXinap + Au run will be
able to address this issue, which again gives a strong lever arm in production processes since MPI
are substantially smaller at RHIC compared to the LHC. Projected statistical uncertainties for an
sPHENIX Upsilon state measurement in p+ Au collisions in four multiplicity categories, quanti ed
via the mean hN i, are shown in Figure 1.6 (right).

1.3.5 Transverse Spin and Nuclear Dependence

Transverse spin asymmetries measured in polarized p+ p collisions at 200 GeV and 510 GeV at
RHIC have been a major component of the RHIC Spin Program over the last 15 years — see for
example Ref. [11]. The capability of RHIC to collide polarized protons on nuclei enables a unique
physics program for measuring the nuclear dependence of such transverse spin asymmetries and
hence gain insight into their origin.

First RHIC p+Al and p+Au runs with transversely polarized protons in 2015 brought a number of
surprising results. Among them is the strong nuclear suppression of charged hadron transverse
single spin asymmetry (TSSA) in p+A collisions compared to p+p collision in the intermediate
rapidity region of h= 1.2 2.4 [12], discovered by PHENIX, while more forward measurements
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Figure 1.6: (left) Upsilon state ratios in p+ p and at the LHC from the CMS experiment. (right)
sPHENIX Upsilon (1s) and (2s) projected statistical uncertainties from a potential p+ Au run.
This p+ Au physics is entirely lost in the 20 cryo-week scenario.

of p® TSSA, as reported by STAR, showed only weak nuclear dependence [13]. Such behavior of
TSSA in p+A collisions remains unexplained. The data to be collected by sPHENIX in p+p and
p+A collisions would not only considerably improve the precision of the measurements for such an
observable (Figure 1.7), but also allow for ne binning of TSSA in  pr and Xg in extended ranges,
by that providing invaluable information for studying rich phenomena behind TSSA in hadronic
collisions, utilizing RHIC unique capabilities to collide high energy polarized protons and heavy
nuclei.

Collins and IFF asymmetries have been found by STAR to be sizable in p+p collisions at mid-
rapidity [ 14, 15]. These results isolate the spin effects from the hadronization processes. Comparing
such asymmetries with the measurements in p+A collisions in this kinematic region may bring new
surprises and therefore shed new light on spin effects in nuclear environment. Considerably more
data over a wider kinematic range, compared to previous RHIC data from 2015 run, is expected to
be collected by sPHENIX.
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Figure 1.7: Projected statistical uncertainties for h* TSSA, for data collected with streaming readout,
in the acceptance close to PHENIX data presented, vs atomic mass numbers (left) and average number
of nucleon-nucleon collisions in each centrality bin (right).

This p+ Au physics is entirely lost in the 20 cryo-week scenario.

1.4 2021 Beam Use Proposal Charge

The charge from the Interim Associate Laboratory Director Dmitri Denisov was received by the
SPHENIX Spokespersons on March 16, 2021. The charge is included below.

BNL Nuclear Physics PAC 2021 Charge and Agenda
March 16, 2021

Charge

STAR: Beam Use Requests for Runs 22-25

sPHENIX: Beam Use Requests for Runs 23-25

CeC: Beam Use Requests

The Beam Use Requests should be submitted in written form to PAC by May 14, 2021
The BURs should be based on the following number of expected cryo-weeks.

First number is minimal expected RHIC run duration and second number is optimal duration:
2022: 18 (20)

2023: 20 (28)

2024: 20 (28)

2025: 20 (28)

Presentations:

STAR: Update on spin physics and isobar analyses

PHENIX: Update on ongoing analysis efforts and data archiving effort

sPHENIX: Installation status and schedule

Task force on the flow results from PHENIX and STAR experiments: status report presentation
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Written report from the PAC is expected within a week after the meeting
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Executive Summary

sPHENIX will be the rst new collider detector at RHIC in over twenty years, focusing on new
measurement capabilities that have not previously been available in this energy range. The
experiment is a speci c priority of the DOE/NSF NSAC 2015 Nuclear Physics Long Range Plan,
and the signi cance of its expected results, complementing those coming from the LHC, was
highlighted in the “Working Group 5: Heavy-lon” input to the European Strategy for Particle
Physics. sPHENIX will play a critical role in the completion of the RHIC science mission by
enabling qualitatively new measurements of the microscopic nature of quark-gluon plasma. These
studies rely on very high statistics measurements of jet production, jet substructure and open and
hidden heavy avor over an unprecedented kinematic range at RHIC. They are enabled by the
high rate capability and large acceptance of the detector, combined with high precision tracking
and electromagnetic and hadronic calorimetry.

The effort to construct the experiment is of cially underway with the DOE Major Item of Equipment
(MIE) project having been granted PD-2/3 approval in September 2019. Additional subdetectors
are also under construction and will be integrated into the full experiment, completing its science
capabilities. These are funded as Brookhaven National Laboratory capital projects (e.g., the micro-
vertex detector, MVTX), or realized as contributions from collaborating institutions (e.g., the
intermediate silicon strip tracker, INTT). The sSPHENIX resource-loaded schedule leads to a rst
year of operation in 2023; the nal year of sSPHENIX data taking in 2025 is dictated by Brookhaven's
reference schedule for the Electron lon Collider (EIC) project. This document responds to a charge
(see Appendix A) from the BNL NPP Associate Laboratory Director to detail the sSPHENIX run
plan during the years 2023-2025.

In the run plan described in this document, each of the three years plays a critical role in ful lling
the science mission outlined in the Nuclear Physics Long Range Plan:

Year-1 (2023) serves to commission all detector subsystems and full detector operations, and
to validate the calibration and reconstruction operations essential to delivering the SPHENIX
science in a timely manner. Close coordination with C-AD will be required in the ramp-up

of RHIC luminosity and optimization of beam operations to achieve these goals in a safe
manner, enabling full exploitation of RHIC luminosity in Year-2 and Year-3. Year-1 will also
allow collection of a Au+ Au data set enabling SPHENIX to repeat and extend measurements
of “standard candles” at RHIC.

Year-2 (2024) will see commissioning of the detector for p+ p collisions (unless extended
running beyond 28 cryo-weeks and successful Au+ Au commissioning permits doing this
already in Year-1) and collection of a large p+ p reference data set, as well as a largep+ Au
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data set for studies of cold QCD. We highlight that a modest streaming readout upgrade
of the tracking detectors [10%-str], requiring no additional hardware, will greatly extend
the physics program in p+ p running. Transverse polarization of the proton beams adds
substantial new cold QCD physics measurements.

Year-3 (2025) is focused on the collection of a very largeAu + Au data set for measurements
of jets and heavy avor observables with unprecedented statistical precision and accuracy.

Table 1.3 provides an overview of the data we expect to obtain in Year-1 to Year-3 (2023 - 2025), as
requested in the ALD charge. The total Au+ Au data set from this three-year proposed running, in
the 28 cryo-week scenario, is equivalent to 141 billion events recorded for all physics analyses.

Table 1.3: Summary of the sSPHENIX Beam Use Proposal for years 2023—-2025, as requested in the
charge. The values correspond to 24 cryo-week scenarios, while those in parentheses correspond to
28 cryo-week scenarios. The 10%str values correspond to the modest streaming readout upgrade of
the tracking detectors. Full details are provided in Chapter 4.

Year | Species P sun | Cryo Physics Rec. Lum. Samp. Lum.
[GeV] | Weeks |  Weeks jzj <10 cm jzj <10 cm

2023 | Au+Au | 200 | 24(28)| 9(13) 3.7(.7)nb!? 45(6.9)nb !

2024 pp 200 | 24(28)| 12(16) | 0.3(0.4)pb 1[5kHz] | 45(62)pb !

4.5 (6.2) pb 1 [10%-str]
2024 | p +Au 200 - 5 0.003 pb ! [5 kHz] 0.11pb !
0.01 pb 1[10%-str]
2025| Au+Au | 200 | 24(28)| 20.5(24.5) 13 (15)nb ! 21 (25)nb !

We also outline a plan for additional running in Year-4 to Year-5 (2026 - 2027), should the occasion
arise. This would provide unique opportunities for collecting massive, archival Au+ Au and
spin polarized p+ p data sets in the nal years of RHIC operation, in addition to new geometry
combinations (O+0O and Ar+Ar). Additional modest upgrades to higher streaming readout of
the tracking detectors [100%-str] and demultiplexing of the calorimeter readout, as detailed in
Chapter 6, greatly enhance this additional running. Table 1.4 summarizes possibilities for additional
run periods.

This document is organized as follows. Chapter 1 and Chapter 2 provide brief summaries of the
sPHENIX physics program and status of the SPHENIX project, respectively. Chapter 3 details key
inputs from the Collider-Accelerator Division. Chapter 4 details the Year-1 to Year-3 (2023-2025)
Beam Use Proposal from sPHENIX including a break down in terms of cryo-weeks. Chapters 5
and 6 detail the commissioning plan for sSPHENIX and modest upgrades to the sSPHENIX readout.
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Chapter 7 details the physics projections and deliverables from the Year-1 to Year-3 Beam Use
Proposal. We highlight that the full SPHENIX physics case is described in the original sSPHENIX
proposal, and here we focus on demonstrating that within this Beam Use Proposal those physics
goals can be achieved. Chapter 8 details the potential opportunities from running in Year-4 to
Year-5 (2026 - 2027) and nally Chapter 9 provides a brief summary.

Table 1.4: Summary of the sPHENIX Beam Use Proposal should a window of opportunity arise
for the years 2026—-2027. The values correspond to 28 cryo-week scenarios. The 100%ir values
correspond to a streaming readout of the tracking detectors. Full details are provided in Chapter 8.

Year | Species P Syn | Cryo | Physics Rec. Lum. Samp. Lum.
[GeV] | Weeks | Weeks jzj <10 cm jzj <10cm
2026 pp 200 28 15.5 1.0 pb 1[10 kHz] 80pb !

80 pb 1 [100%-str]

- 0+0 200 - 2 18nb 1! 37nb !

37 nb 1[100%-str]

- Ar+Ar 200 - 2 6nb 1 12nb 1

12 nb 1[100%-str]

2027 | Au+Au | 200 | 28 24.5 | 30nb 1[100%str/DeMux] 30nb 1
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Chapter 1

sPHENIX overview

1.1 Science mission

Over the last decades, experiments at RHIC and LHC have shown that collisions of heavy nuclei
produce a hot and dense state of matter, called Quark-Gluon Plasma (QGP). These studies demon-
strated that the QGP is unique among all forms of matter in terms of its viscosity h/ s, opacity and
vorticity. The QGP is a key example of a class of strongly coupled systems found recently in a wide
range of areas of physics, from string theory to condensed matter and ultra-cold atom systems.

While measurements have provided detailed knowledge of the QGP's macroscopic (long wave-
length) properties, we do not yet understand how these properties arise from the fundamental
interactions of its constituents, i.e., quarks and gluons governed by the laws of Quantum Chro-
modynamics (QCD). In the 2015 Hot QCD Whitepaper [ 16] and the US Nuclear Physics Long
Range Plan (LRP) [L7], one of two highest priority goals in the eld of Hot QCD was described as
“Probe the inner workings of QGP by resolving its properties at shorter and shorter length scales.
The complementarity of the two facilities [i.e., RHIC and LHC] is essential to this goal, as is a
state-of-the-art jet detector at RHIC, called SPHENIX" [17].

To elucidate the nature of the QGP, the SPHENIX physics program rests on measurements using
hard probes that are sensitive to the QGP microscopic structure over a broad range of length or
momentum scales. These measurements at the top RHIC energy of s,y = 200 GeV include in
particular studies of jet production and substructure, quarkonium suppression and open heavy
avor production and correlations. The sPHENIX studies will complement those planned at LHC
for Run 3 during high luminosity Pb+Pb operations and provide qualitative improvements over
current measurements at RHIC for related observables. While the existing RHIC measurements
have greatly contributed to our understanding of the QGP, the overall kinematic range for many
jet and photon+jet observables is constrained to pr < 20 GeV even for the highest statistics
measurements and therefore insuf cient for a direct comparison to LHC studies. In contrast, the
projected SPHENIX measurements reach suf ciently high pr to provide a signi cant overlap with
the low range of measurements at the LHC, allowing to study identical hard probes embedded into
QGP with different initial conditions and expansion dynamics.

sPHENIX was proposed by the PHENIX collaboration in their 2010 Decadal Plan as an upgrade

1
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Figure 1.1: Engineering drawing (cutaway) of the sSPHENIX detector. From the inside out the drawing
shows tracking system, electromagnetic calorimeter and inner hadronic calorimeter, superconducting
magnet and outer hadronic calorimeter. A detailed discussion of the SPHENIX detector subsystems
can be found in the SPHENIX Technical Design Report [18]

(or replacement) of the PHENIX experiment at RHIC. The physics case and detector design were
further developed in the years leading up to the 2015 Nuclear Physics LRP. A detailed design
proposal was completed in 2015 [19], and in early 2016 the current SPHENIX collaboration was
formed. As of early 2020, sSPHENIX has more than 320 members from 80 institutions in 13 countries.
The project received DOE CD-0 approval in late 2016, CD-1/3a approval in 2018 and entered its
construction phase after PD 2/3 approval in fall 2019. The schedule foresees commissioning of the
detector in 2022 and start of physics data taking in early 2023. The current expectation for 2025 as
the nal year of SPHENIX operations is dictated by BNL's reference schedule for the EIC project.

1.2 sPHENIX performance measures

The layout of the sSPHENIX detector is shown in Figure 1.1. The experiment has been designed
to allow high-statistics, high-resolution measurements for a broad range of observables related
to jet production and modi cation, quarkonium production at high mass (or high pr), and yields
and correlations of heavy quark (charm and bottom) hadrons and heavy avor tagged jets. This is
achieved through several advances compared to the current instrumentation at RHIC:

High data rates: the sPHENIX tracking and calorimetry provide hermetic coverage over
full azimuth and pseudorapidity jhj < 1, with a readout rate of 15 kHz for all subdetectors.



	Addendum: Addressing the 20 cryo-week scenario
	Modified Run Plan
	Au+Au Risks and Physics Implications 
	p+Au Physics Lost
	2021 Beam Use Proposal Charge
	sPHENIX overview
	Science mission
	sPHENIX performance measures
	The sPHENIX Project
	Project timeline
	Elements of the Project
	Effects of COVID-19
	Potential relationship to EIC

	C-AD Guidance
	Crossing Angle
	Summary of Projected Luminosities

	Beam Use Proposal 2023–2025
	Years 2023–2025 Proposal
	RHIC Luminosity Projections
	Cryo-Weeks
	Sampled versus Recorded Luminosity

	sPHENIX Commissioning
	2023 Au+Au Commissioning Timeline
	2023 p+p Commissioning Option


	Upgrades of the sPHENIX Readout
	Streaming Readout Upgrade for the sPHENIX trackers
	De-Multiplexing the Calorimeter Readout


	Physics Projections 2023–2025
	Jet and Photon Physics
	Upsilon Physics
	Open Heavy Flavor Physics
	Cold QCD Physics

	Potential Beam Use Proposal 2026–2027
	Proposal Summary
	Au+Au and p+p Physics Reach
	O+O and Ar+Ar Physics Reach
	Cryo-Week Details

	Summary
	Beam Use Proposal Charge
	References

